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SUMMARY
Purpose: The aim this study is to compare the hybrid
layer thickness and its micromorphological characteristics
in samples from primary and permanent teeth following
application of total etch adhesives.
Materials and methods: On intact specimens of 20
primary and 10 permanent teeth was created flat dentin
surfaces. The patterns were divided in 6 groups. Two
different total etch adhesive systems were used – one tree
steps (OptiBond, Kerr) and one two steps (Exite, VivaDent).
In groups 3, 4, 5 and 6 recommended etching time was used
- 15 s, in groups 1 and 2 the etching time was reduced to 7
s. After applying the adhesive, resin composite build-ups
were constructed. Thus restored samples are stored in saline
solution for 24 hours at temperature 37°C. Then they are
subjected to thermal stress in temperature between 5°C to
55°C for 1,500 cycles and to masticatory stress – 150,000
cycles with force 100 N in intervals of 0.4 s. After that the
teeth are cut through the middle in medio-distal direction
with a diamond disc. SEM observation was done to
investigate the thickness of the hybrid layer and the presence
of microgaps. Statistical analysis was performed with
ANOVA and Tukey's tests.
Results: SEM observation showed significant
differences of the hybrid layer thickness between primary
and permanent teeth under equal conditions and after
different etching time. Group 6 presented the highest average
thickness 8.85 ì and group 1 the lowest average in hybrid
layer 3.74 ì.
Conclusion: In primary teeth the hybrid layer
thickness increases with the increased etching time. The
hybrid layer thickness in primary teeth is greater than that
of the hybrid layer in permanent teeth under equal
conditions. For primary teeth it is more appropriate to reduce
the etching time to 7s to obtain a hybrid layer with better
quality.
Key words: primary teeth, permanent teeth, hybrid
layer, total etch adhesive, etching time
INTRODUCTION
Adhesion to dental structures is based on a process,
where inorganic dental structure is replaced by synthetic
resin (34, 37). This process includes two phases. The first
one is represented by elimination of calcium phosphates and
with creation of micropores on the surfaces of the enamel
and the dentine. The second one, the so called hybridization
phase, is represented by infiltration and subsequent
polymerization of the resin into created superficial
micropores (1, 4, 37). Both phases facilitate the bonding of
the adhesive onto the dental structure. Adhesive penetrates
into the dentine following, or parallel with its chemical
processing (conditioning). This adhesive forms an
intermediate layer, called hybrid layer (1, 24). Thus
hybridization is a process of micromechanical interlocking,
which provides demineralization, infiltration and
polymerization, and was first described by Nakabayashi et
al (17, 34). The hybrid layer is covered by a thin layer of
adhesive, to which the composite is bonded (1, 24).
The application protocol of total etch adhesives
includes as a separate step the application of acid to remove
the smear layer and the smear plugs. At the same time the
dentine is demineralized 0.5-0.75 ìm of depth. Peritubular
dentine is removed, which leads to enlargement of the
dentine tubuli, and their orifices become funnel-like (4, 20,
33, 35, 36).
It is followed by demineralization of the in
peritubular dentine and a network of collagen fibres is
revealed, so that such hybrid layer can be formed (12, 15,
18, 19, 35, 38).
The acids used for etching of the dentine surface
remove the smear layer much faster in primary than in
permanent teeth (10, 18, 19, 20, 26, 27, 39), by causing
deeper demineralization in primary teeth (20). The reason
for that is the difference in the chemical composition and
reactivity of the primary teeth dentine as compared to the
dentine of permanent ones (14, 18, 19, 20, 23), so the
buffering capacity of the mineral phase is smaller. The
dentine of primary teeth is less mineralized, therefore it has
a weaker neutralizing effect of the mineral phase, which in
turn determines reduced buffer capacity to action of acids192  / JofIMAB; Issue: 2012, vol. 18, book 2 /
as compared to permanent teeth. It is established that longer
etching results in formation of a thicker hybrid layer (7, 8)
and facilitates the creation of unstable demineralized zone
in the hybrid layer, which leads to reduction of  bonding
strength (6, 18, 19, 26). It is the quality, not the thickness
of the formed hybrid layer, that is important for the strength
of the bonding with the dentine. Therefore a thicker hybrid
layer does not mean greater adhesive bond strength (2, 7,
8, 18, 19, 22, 28, 30, 31).
The aim of this study is to compare the hybrid layer
thickness and its micromorphological characteristics in
samples from primary and permanent teeth following
application of total etch adhesives.
The following tasks were therefore laid down:
- To measure the hybrid layer thickness in samples
from both dentitions after 15 s etching.
- To measure the hybrid layer thickness in primary
teeth after 7 s etching
- To compare the hybrid layer thickness following
different etching time, and between samples from both
dentitions.
- To evaluated the resin dentin interfacial
morphology in samples from both dentitions.
MATERIALS AND METHODS
The teeth were collected from healthy adults and
children, after signed informed consent (from the parents for
children) for the use of these teeth in the experiment. The
primary teeth are extracted due to physiological changes or
due to orthodontic testimony, and the permanent - due to
periodontal problems.
Grouping of experimental samples. Thirty intact teeth
(20 primary molars and 10 primary premolars and molars)
were selected. The teeth were divided in 6 groups as shown
on Table 1.
Preparation of the dental surface. Using round turbine
burr (ISO 806 314 001534  012  for primary teeth and
806 314 001534 014 for permanent teeth) and water cooling,
a medio-distal cut is made through the central occlusal
fissure. Depth of the cut is compatible with the size of the
burr. The depth of the enamel and dentine to be removed
from the occlusal surface is marked in advance, which
allows for removal of relatively compatible layer of enamel
and dentine for each of the experimental samples. A cut
parallel to the occlusal surface is done with high-speed burr
(ISO 806204108524835010) and under water cooling. The
cut is made up to the controlled depth determined by the
initial cut with the round burr. The surface is smoothed with
a polishing disc. This leads to the formation of a smooth
dentine surface, which is at compatible distance from the
central fissure. Samples are observed with optic microscope
OLYMPUS VANOX-T under zoom 25x to 100x to establish
whether the enamel has been completely removed from the
occlusal surface.
The exposed dental surface (enamel and dentine) is
etched with 37% phosphoric acid for 7 s in groups 1 and 2
and for 15 s for groups 3, 4, 5, 6. After the etching the
surface of the samples is washed with aerosol spray, and then
dried with air for 5s from a distance of 20-25cm.
All adhesive systems are applied according to
manufacturer’s instructions, except for groups 1 and 2,
where the etching time is reduced from 15s to 7s. Samples
are restored with lightcuring composite (Tetric EvoCeram,
Ivoclar Vivadent, shade A3), applied in two layers, each of
1.0 mm. Each of the layers is lightcured for 40 s with
lightcuring light (Coltolux75, Curing Light, Whaledent).
Finally the restorations are polished with polishing discs
(ISO 9687.900 140) and cups (ISO 658 204 030503 090).
Thus filled samples are stored in saline solution for 24 hours
at temperature 37°C. Then they are subjected to thermal
stress in temperature between 5°C to 55°C for 1,500 cycles
(Temperaturwechsel ZAHN-PRUGERAT BT1 unit) and to
masticatory stress – 150,000 cycles with force 100 N in
intervals of 0.4 s. Stress tests were carried out in the
Departament of Conservative Dental Treatment in the
Medical University, Graz, Austria.
After removal of existing roots at the level of cement-
enamel junction, the teeth are cut through the middle in
mesio-distal direction with a diamond disc (ISO
350 514 220) and water cooling. The samples are decalcified
with 36% silicone-free phosphoric acid for 10 s and
Table 1. Grouping of experimental samples.
Group Teeth N Etching time Adhesive system
Group 1 Primary teeth 5 7 s OptiBond FL (Kerr) – 3 steps-total etch
Group 2 Primary teeth 5 7 s Exite (Ivoclar,Vivadent) - 2 steps-total etch
Group 3 Permanent teeth 5 15 s OptiBond FL (Kerr) – 3 steps-total etch
Group 4 Permanent teeth 5 15 s Exite (Ivoclar,Vivadent) - 2 steps-total etch
Group 5 Primary teeth 5 15 s OptiBond FL (Kerr) – 3 steps-total etch
Group 6 Primary teeth 5 15 s Exite (Ivoclar,Vivadent) - 2 steps-total etch  / JofIMAB; Issue: 2012, vol. 18, book 2 /  193
deproteinized with 5% hypochoride for 120 s in order to
remove the observed surface from smears.
Preparation for SEM examination. Prepared samples
are placed on aluminium discs. They are then covered in
vacuum with golden powder in a media of argon-cathode
atomization with JEOL JFC - 1200 Fine coater. Research
was carried out with scanning electron microscope type
JEOL JSM - 5510 SEM with 750x zoom. In order to observe
the morphology of the adhesive and of the hybrid layer,
photographs were done on the borderline surface between
the adhesive and the dental structures.
Below are the criteria to establish the quality of the
adhesive bond in teeth from both dentitions:
· Formation of  hybrid and of adhesive layer
· The thickness of the hybrid layer is measured on
the photos with graph paper and compasses in three points
– in both ends and in the middle of the photos. Results
obtained in millimeters were converted to microns.
· Characteristics of the formed resin tags – form in
the basis, at the hybrid layer
· Micromorphology of the hybrid layer – formation
of micropores in the resin-dentin  interface.
RESULTS
Groups 1 and 2
In those two groups were researches samples from
deciduous molars. On teeth from group 1 was applied 3-step
adhesive system OptiBond FL (Kerr). Samples were
demineralized with 37% phosphoric acid for 7s. Adhesive
system was applied according to manufacturer’s instructions,
only the etching time was shortened to 7s (fig. 1, 2, 3).
Fig. 1, 2 and 3. SEM of hybrid (between the arrows) and adhesive (Ad) layer in the borderline area in deciduous
molar etched with 37% phosphoric acid for 7s and adhesive system OptiBond FL (Kerr) (3-step, total etching). Multiple
resin tags (R) are observed in dentine (D), C = composite.
Group 2 represents deciduous molars, in which
following etching with 37% phosphoric acid, is applied
adhesive system Exite (Ivoclar, Vivadent, 2-steps, total
etching), according to manufacturer’s instructions, and the
time of the etching is reduced to 7s (fig. 4, 5, 6).
Fig. 4, 5 and 6. SEM of hybrid (between the arrows) and adhesive (Ad) layer within the dentine of deciduous molar,
demineralised with 37% phosphoric acid for 7s and adhesive system Exite (Ivoclar Vivadent, 2-steps, total etch). Multiple
resin tags (R) are observed in dentine (D); C = composite.194  / JofIMAB; Issue: 2012, vol. 18, book 2 /
From the photographs analyzed it could be concluded
that the thickness of the formed hybrid layer is greater in the
samples from group 2. The hybrid layer in the samples from
group 2 is more irregular, with varying thickness alongside.
In the samples from both groups a significant number of resin
tags with funnel shape are established, and they penetrate in
depth into the dentine tubuli (fig. 1, 2, 3, 4, 5 and 6).
Fig. 7, 8, 9: SEM of hybrid (between the arrows) and adhesive (Ad) layer within the dentine of permanent molar,
demineralized with 37% phosphoric acid for 15s and adhesive system OptiBond FL (Kerr, 3-steps, total etch.  Resin tags are
observed (R) in dentine (D); C = composite.
Fig. 10, 11 and 12: SEM of hybrid (between the arrows) and adhesive (Ad) layer within the dentine in permanent
molar, demineralised with 37% phosphoric acid for 15s and adhesive system Exite (Ivoclar Vivadent, 2-steps, total etch).
R=adhesive plugs, D=dentine, C=composite.
Photographs allow to observe the thickness of the
adhesive and of the hybrid layer, which varies along the
samples within a group, as well as between the samples from
different groups (fig.7-12). The hybrid layer is thicker in
samples from group 4 (fig.10-12) as compared to that from
group 3 (fig.7-9). The thickness of the adhesive layer in the
samples from group 4 (fig.10-12) is also greater than that of
the samples from group 3 (fig.7-9). There is a number of resin
tags with funnel shape, connected to the hybrid layer, which
result from the intratubular hybridization. These resin tags are
greater in number in the samples from group 4, and penetrate
deeper into the dentine (fig.10-12 as compared to fig. 7-9).
Groups 5 and 6
Group 5 consists of primary molars, in which is used
the fourth generation adhesive system OptiBond FL (Kerr, 3-
steps, total etch) - the same as in groups 1 and 3. The dentine
samples from primary teeth are etched for 15s with 37%
phosphoric acid. Group 5 allows a comparison of the
thickness and of the micromorphology of the formed hybrid
and adhesive layers with those of the samples from group 3,
by the application of the same duration of etching of the
dentine substrate (fig.13-15).
In group 4 is used the fifth generation adhesive system
Exite (Ivoclar Vivadent, 2-steps, total etch), applied according
Groups 3 and 4
Groups 3 and 4 include samples of permanent teeth –
premolars and molars. In group 3 is used adhesive system
OptiBond FL (Kerr, 3-steps, total etch). Adhesive system was
applied according to manufacturer’s instructions – etching for
15s, 37% phosphoric acid is used (fig. 7, 8, 9).
to manufacturer’s instructions, following etching with 37%
phosphoric acid for 15s (fig.10, 11, 12).  / JofIMAB; Issue: 2012, vol. 18, book 2 /  195
Fig. 13, 14 and 15: SEM of hybrid (between the arrows) and adhesive (Ad) layers in primary molar etched with 37%
phosphoric acid for 15s and adhesive system OpyiBond FL (Kerr, 3-steps, total etch). C=composite, R=resin tags, D= dentine.
Group 6 consists of  primary molars, in which is used
the fifth generation adhesive system – Exite (Ivoclar Vivadent,
2-steps, total etch) – the same as in groups 2 and 4. The
dentine samples from primary teeth are etched for 15s with
37% phosphoric acid. Group 6 allows for comparison of the
Fig. 16, 17 and 18: SEM of hybrid (between the arrows) and adhesive (Ad) layers in primary molar etched with 37%
phosphoric acid for 15s and adhesive system Exite (Ivoclar, Vivadent, 2-steps, total etch). C=composite, R=resin tags,
D=dentine.
The figures allow to establish that the thickness of the
hybrid layer in both used generations of adhesive systems is
different, as it is different between the samples from
permanent teeth in groups 3 and 4 (fig.7-12), and is different
between the samples from primary teeth in groups 5 and 6
(fig.13-18). When comparing the thickness of the hybrid layer
within the dentine, it is established that it is thicker in the
samples from groups 3 and 4 as compared to groups 5 and 6
(fig.7-18). Resin tags with funnel shape are observed in the
samples from all groups. There are also microgaps between
the hybrid and the adhesive layer in samples from group 5
Table 2. Average values of the thickness of the hybrid layer (in microns) from adhesive systems with total etching in
primary and permanent teeth.
Group Etching Time Adhesive system HL Thickness – average value (ì) mean±SE
Group 1 – primary teeth 7 s OptiBond FL 3,74±0,32
Group 2 – primary teeth 7 s Exite 4,70±0,18
Group 3 – permanent teeth 15 s OptiBond FL 4,46±0,13
thickness and of the micromorhology and the formed hybrid
and adhesive layer with those from the samples of group 4,
by the application of the same duration of etching of the
dentine substrate (fig.16-18).
(fig.14-15), and group 6 (fig.16 and 18).
By comparing the photographs of the samples from
group 1 with group 5 (fig.1-3 and 13-15), as well as between
those from group 2 (fig.4-6) with group 6 (fig.16-18) it is
established that the hybrid layer is thicker, with microcracks
in samples etched for 15s (fig.14-16 and fig. 18).
Statystical analysis of the results
Table 2 represents the average values of the measured
thickness of the hybrid layer for different groups of samples
and applied adhesive systems with total etching.196  / JofIMAB; Issue: 2012, vol. 18, book 2 /
The analysis of the results shows statistically
significant difference in the thickness of the hybrid layer
between the samples of different experimental groups
(Table 3).
In comparing the results for the thickness of the
formed hybrid layer, it is established that there is a difference
between samples from group 1 and group 2, between samples
from group 3 and group 4, and also between samples from
group 5 and group 6 (Table 3). A thicker hybrid layer is
formed following application of 2-steps total etch adhesive
system (Exite - groups 2, 4, and 6), as compared to application
of 3-steps total etch adhesive (OptiBond FL - groups 1, 3 and
5). The difference in the measured mean thickness of the
hybrid layer is statistically relevant between the pairs of
groups (Table 3)(p<0.0001).
A comparison was made between the average values
of the thickness of the hybrid layer for the combinations in
pairs between experimental groups 1, 3, and 5 where we used
comparison between the two dentitions with different etching
time and the same adhesive system OptiBond FL (3-steps,
total etching), by applying one-way ANOVA analysis (Table
4). All pairs are with confirmed statistical relevance of the
differences in the values of the thickness of the hybrid layer
(Table 4).
Table 3. Hybrid layer thickness in samples from experimental groups.
Group N photographs HL Thickness(ì) mean±SD t Ð
Group 1   Group 2 5 5 3.74±0.32 4.70±0.18 5.84 <0.001*
Group 3   Group 4 5 5 4.46±0.13 7.36±0.56 11.28 <0.0001*
Group 5   Group 6 5 5 5.66±0.11 8.85±0.41 16.80 <0.0001*
*The difference is statistically significant.
Table 4. Thickness of the hybrid layer in pairs of experimental groups 1, 3 and 5 and adhesive system OptiBond
FL (Kerr).
Group In comparison Average Difference 95% confidential interval for mean
P* with in HL Thickness Lower Bound Upper Bound
Group 1 Group 3 -0.72 -1.26 -0.19 <0.0001
Group 5 -1.92 -2.46 -1.38 <0.0001
Group 2 Group 5 -1.19 -1.42 -0.96 <0.0001
*Empirical level of statistical relevance (ANOVA).
It is established that there is statistically significant
difference in the thickness of the hybrid layer in the group of
primary teeth (groups 1 and 5) with different time for etching
– 7 and 15 s, the greater thickness is measured in 15s etching
(group 5) (p<0.0001); there is statistically significant
difference in the hybrid layer thickness with etching for 15s
between the samples from two dentitions (groups 3 and 5),
with greater mean thickness of the hybrid layer measured in
the samples from primary teeth (group 5) (p<0.0001); and
statistically significant difference in the thickness of the hybrid
layer between group 1 and group 3 with greater thickness of
this layer established in permanent teeth (group 3)(p<0.0001)
and using the same adhesive system OptiBond FL (Table 4).
The same comparison is also done between groups 2,
4 and 6 in which was applied the 2-steps total etc adhesive
system (Exite), by using one-way ANOVA analysis (Table 5).
All pairs are with confirmed statistical significant of the
differences in the values of the thickness of the hybrid layer
(Table 5).
Group 4 – permanent teeth 15 s Exite 7,36±0,56
Group 5 – primary teeth 15 s OptiBond FL 5,66±0,11
Group 6 – primary teeth 15 s Exite 8,85±0,41  / JofIMAB; Issue: 2012, vol. 18, book 2 /  197
It is established that there is statistically significant
difference in the thickness of the hybrid layer in the group of
primary teeth (groups 2 and 6) with different time for etching
– 7 and 15 s, the greater thickness is measured in 15s etching
(group 6)(p<0.0001)(Table 5); there is statistically
significant difference in the hybrid layer thickness with
etching for 15s between the samples from two dentitions
(groups 4 and 6), with greater thickness established in the
samples from primary teeth (group 6)(p<0.0001)(Table 5);
and statistically significant difference in the thickness of the
hybrid layer in group 2 (primary teeth) and group 4
(p<0.0001) with greater thickness established in the samples
from permanent teeth (group 4) and using the same adhesive
system Exite (Table 5).
DISCUSSION
The samples from all experimental groups were
restored with the mediation of adhesive systems belonging to
Etch&Rinse strategy for adhesion with dental structures. In
them adhesion is achieved by the formation of a hybrid layer,
or so called zone of internal diffusion of the adhesive in the
demineralized dentine (15, 16, 17, 19).
Descriptive analysis of the figures we observed shows
presence of formed adhesive and hybrid layers, resin tags with
funnel-like shape, resulting from intratubular hybridization,
and connected with the hybrid layer, and penetrating in
various depth into the dentine (fig. 1-18). There are
established differences in the thickness of the formed adhesive
and hybrid layers, they are thicker in the samples where 2-
steps adhesive system was applied – groups 2, 4, and 6
respectively, and the formed resin tags are also greater number
and penetrate deeper in the same groups (fig.4-6, 10-12, 16-
18). It is considered that the formed resin tags also enforce
the strength of the bonding with the dentine. In adhesives with
Etch&Rinse the formed resin tags increase the total strength
against shear bond strength.
There are established significant differences in the
thickness and in the quality of the formed hybrid layer. In the
samples from primary teeth etched for 15s it is observed the
presence of microgaps between the adhesive and the hybrid
layer and the dentine, as well as microgars inside the hybrid
layer (fig.14-16 and 18). This means that under equal
conditions the same adhesive system leads to formation of
hybrid layer with different characteristics in samples from
primary and permanent teeth (fig.7-9 as compared with fig.13-
15, and fig.10-12 as compared with fig.16-18). At the same
time in etching for 7s the formed adhesive and hybrid layers
are with similar characteristics (fig.1-6) with those from the
samples of permanent teeth etched for 15s (fig.7-12) and it
is very important that there are no microgaps in those layers.
For the dentine bond strength of paramount importance
is the quality of the formed hybrid layer, not its thickness, so
a thicker hybrid layer does not mean greater adhesive bond
strength (1, 7, 8, 18, 19, 22).
The results from our research show that acid etching
of the dentine of primary teeth with 37% phosphoric acid for
7s (group 1 and 2) results in formation of a hybrid layer in
all of the samples observed (fig.1-6).
Acid etching of primary teeth for 15s (groups 5 and
6) results in formation of a hybrid layer with significantly
greater thickness than that in the samples from groups 1 and
2 (7s etching)(p<0.05), as well as in comparison with that in
the groups with samples from permanent teeth – groups 3 and
4, etched for 15s (Table 3-5, fig.1-18). Similar to the results
of a previous research of ours for the nature of the changes
in the dentine following acid etching (5), this research also
confirm the fact that the acid used is more aggressive on the
primary dentine than on the dentine of permanent teeth, other
conditions being equal. That leads to a deeper
demineralization of the intertubular dentine and results in the
formation of a significantly thicker hybrid layer in primary
teeth (Table 4 and 5). There is a chance that such deeply
demineralized dentine may not be completely impregnated by
the adhesive systems and this creates risks of the formation
of an uninfiltrated by the adhesive zone between the hybrid
layer and the intact dentine structure. In that case the removed
mineral matrix is not completely replaced by the primer of
the adhesive system, which facilitates the penetration of the
adhesive, there remains a more unstable zone in the basis of
the hybrid layer, which is a possible route for micro- and
nanopermeability, enzymic and hydrolytic decomposition and
following all that – an area for failure of the bonding (7, 18,
19, 25, 26). The reason for that are also likely to be the
microcracks we observed in the samples from groups 5 and
6 (fig.14-16 and 18).
Our research shows that the application of the same
adhesive system with the same clinical protocol in primary
and in permanent teeth leads to formation of adhesive and
Table 5. Hybrid layer thickness in pairs of experimental groups 2, 4, and 6 and adhesive system Exite.
Group In comparison Average Difference 95% confidential interval for average P*
with in HL thickness Lower Bound Upper Bound
Group 2 Group 4 -2.65 -3.59 -1.71 <0.0001
Group 6 -4.14 -4.83 -3.46 <0.0001
Group 4 Group 6 -1.49 -2.44 -0.53 <0.0001
*Empirical level of statistical relevance (ANOVA).198  / JofIMAB; Issue: 2012, vol. 18, book 2 /
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